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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to a thin film 
semiconductor device, and a method for fabricating 
such a thin film semiconductor device. In particular, the 
present invention relates to a thin film semiconductor 
device used for a liquid crystal display device (hereinaf- 
ter, abbreviated as "LCD") for driving liquid crystal, a 
sensorfor reading images, a load of RAM (Random Ac- 
cess Memory) and the like, and a method for fabricating 
such a thin film semiconductor device. 

2. Description of the Related Art: 

[0002] A thin film semiconductor device includes a 
thin film semiconductor layer formed on a substrate hav- 
ing an insulating surface such as a quartz substrate or 
a glass substrate. A thin film transistor (TFT) is utilized 
in various fields. Hereinafter, a conventional example of 
a poiycrystalline silicon thin film transistor, which has 
been developed for the use for a liquid crystal display 
(LCD), will be described. 

[0003] Recently, in the field of the liquid crystal display 
using the thin film transistor, a poiycrystalline silicon thin 
film transistor (hereinafter, referred to as a "low-temper- 
ature poly-Si TFT"), which can be fabricated at a rela- 
tively low temperature (about 600°C or less) at which 
inexpensive glass substrates can be used instead of ex- 
pensive quartz substrates, has attracted attention. How- 
ever, one of the important problems to be solved of the 
low-temperature poly-Si TFT is the improvement in 
quality of a gate insulating film. Therefore, various gate 
insulating films have been examined. 
[0004] A low-temperature poly-Si TFT described in 
"Society of Information Display International symposium 
Digest of Technical Papers / Volume XXIV (1993) pp. 
387 - 390" will be briefly described as a conventional 
example, with reference to Figures 4A to 4D. 
[0005] The low-temperature poly Si TFT is fabricated 
as follows. 

[0006] First, an amorphous silicon film is deposited on 
a top surface of a substrate 12, and then it is irradiated 
with a laser light so as to locally heat and melt the amor- 
phous silicon film. As a result, the amorphous silicon film 
is crystallized, thereby obtaining a poiycrystalline siljcon 
film 13. Thereafter, the poiycrystalline silicon film 13 is 
patterned into an island shape by photolithography and 
etching (Figure 4A). 

[0007] Next, after a gate insulating film 1 4 which con- 
sists of an Si0 2 layer is formed on the poiycrystalline 
silicon film 13 by using an ECR-CVD method (Figure 
4B), a gate electrode 1 5 made of tantalum (Ta) is formed 
on the gate insulating film 14. Thereafter, by using the 
gate electrode 15 as a mask, impurities serving as do- 



nors or acceptors are introduced into the poiycrystalline 
silicon film 13 by ion doping in which mass separation 
is not conducted, thereby forming a source region 16 
and a drain region 17 (Figure 4C). After forming an in- 
5 terlevel insulating film 18, a source electrode 19 and a 
drain electrode 20 are formed on the insulating film 18. 
As a result, a low-temperature poly-Si TFT shown in Fig- 
ure 4D is fabricated. 

[0008] In the conventional low-temperature poly-Si 
10 TFT shown in Figures 4A to 4D, the gate insulating film 
14 which consists of an Si0 2 film is deposited by the 
ECR-CVD (Electron Cyclotron Resonance Chemical 
Vapor Deposition) method. Therefore, it has been re- 
ported that the low-temperature poly-Si TFT has good 
is characteristics as compared with Si0 2 deposited by an 
AP-CVD (Atmospheric Pressure Chemical Vapor Dep- 
osition) method or LTO (low temperature oxide). How- 
ever, even if the ECR-CVD method is used, the most 
important interface of semiconductor/insulating film, 
which affects device characteristics, becomes remark- 
ably unstable. The reason for this is that the Si0 2 layer 
functioning as the gate insulating film 14 is deposited 
after the poiycrystalline silicon layer 13 Is formed and 
the substrate is subjected to processes such as a clean- 
ing process. The state of the interface between the in- 
sulating film deposited by a CVD method and the sem- 
iconductor may greatly change due to various condi- 
tions such as a cleaning condition before depositing the 
insulating film, waiting time after the cleaning until dep- 
osition, an atmosphere immediately before the deposi- 
tion. As a result, the interfacial states at the semicon- 
ductor/insulating film interface may be remarkably de- 
graded. Thus, characteristics of a thin film transistor are 
prone to be degraded. Moreover, in order to perfectly 
control the interfacial states density, it is necessary to 
strictly control the fabrication conditions. Therefore, this 
method is not suitable for mass production. Further- 
more, the method has another problem that the produc- 
tion yield is low due to pin holes of the insulating film 
and the like since the gate insulating film is obtained by 
a CVD method. 

[0009] In the field of LSI , a thermal oxide film made of 
silicon is generally utilized as a gate insulating film in 
orderthat the interfacial states density is controlled at a 
predetermined level or a lower level. However, growth 
of such a thermal oxide film requires high temperature 
process. Therefore, it is necessary to use an expensive 
quartz substrate which induces no strain even in a high- 
temperature process, resulting in an increase in the fab- 
rication cost. 

[0010] The document Patent Abtracts of Japan, vol. 
13, no.564 & JP 01 235 276 further describes a thin film 
semiconductor device (TFT) according to the preamble 
of present claim 1 and having a silicon substrate with a 
protective Si02 film. The formation of a gate insulating 
film is described by oxidising the silicon thin film into 
which germanium is implanted. However, the Ge-con- 
centration in the silicon thin film is 0.5 - 2.0 atom%. EP- 
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A-0 587 520 shows also a device according to the pre- 
amble of claim 1 . The gate oxide does, however, not 
comprise Ge. 

SUMMARY OF THE INVENTION 

[001 1] The present invention thus concerns a thin film 
semiconductor device as defined in claim 1 , and also a 
corresponding method of fabricating as defined in claim 
4. 

[0012] Thus, the invention described herein makes 
possible the advantages of (1 ) providing a thin film tran- 
sistor having excellent performance and high reliability, 
which can use a low-cost glass substrate as a substrate 
and has a clean interface of semiconductor/insulating 
film, (2) providing a method for fabricating such a thin 
film transistor, and (3) a semiconductor device. 
[0013] These and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Figures 1 A to 1 D are schematic cross-section- 
al views each showing a main step of a fabrication meth- 
od of a thin film transistor according to the present in- 
vention. 

[001 5] Figure 2A is a schematic cross-sectional view 
showing another thin film transistor according to the 
present invention. 

[0016] Figure 2B is a schematic cross-sectional view 
showing still another thin film transistor according to the 
present invention. 

[001 7] Figures 3 A to 3D are schematic cross-section- 
al view showing still another thin film transistor accord- 
ing to the present invention. 

[001 8] Figures 4 A to 4D are schematic cross-section- 
al views each showing a main step of a fabrication meth- 
od of a conventional thin film transistor. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0019] Hereinafter, the present invention will be de- 
scribed by way of illustrative examples with reference to 
the drawings. 

Example 1 

[0020] With reference to Figures 1 A to 1D, a first ex- 
ample of a thin film semiconductor device according to 
the present invention will be described. In this example, 
a glass substrate (glass #1737, fabricated by Coming 
Inc.) 1, on which an Si0 2 film acting as a buffer layer 
(not shown) is deposited in order to prevent the diffusion 
of impurities from the glass substrate, is used. The glass 
substrate 1 has a strain point of 667°C. From the view- 



point of reduction in cost, it is preferable to use an inex- 
pensive glass having a strain point as low as possible 
as the glass substrate 1 . Considering expansion or warp 
of the glass substrate 1 due to heat, it is preferable that 

5 the strain point of the glass substrate 1 is about +50°C 
or more of the process maximum temperature. 
[0021] First, an amorphous silicon-germanium film 
containing germanium at a concentration of 25% (here- 
inafter, referred to as an M a-Sio 75 Ge 0 ^5 a film) is grown 

10 on the glass substrate 1 to a thickness of 1 00 nm. The 
a-Sio 75 Ge 0 25 film is formed by a CVD method using, 
for example, disilane (Si 2 H 6 ) and germane (GeHJ as 
material gases. Typically, the flow rate of disilane is in 
the range of 20 to 50 seem, and the flow rate of germane 

15 is 1 o to 30 seem. It goes without saying that the flow rate 
of the gas changes depending on the size of the cham- 
ber and the like. It is preferable that the temperature of 
the glass substrate 1 during growth of the film is set to 
be in the range of 450°C to 600°C. 

20 [0022] Next, the a-Si 075 Ge 055 film is patterned to 
form an island region having the size in accordance with 
the size of a transistor to be formed. The size of one 
island region is, for example, 10 u,m x 50 um In Figure 
1 A, only one island region is shown. In actual, however, 

25 a plurality of island regions can be simultaneously 
formed. The patterning of the a-Si 0 75 Ge 0 25 film can be 
carried out using normal photolithography and etching. 
As an etchant, for example, a mixture of hydrofluoric ac- 
id and nitric acid and the like can be used. In the case 

30 where dry etching is conducted, CF 4 or SF 6 to which 0 2 
is added is used. 

[0023] Thereafter, an excimer laser light having a 
wavelength of 308 nm is radiated onto the a-Si 0 75 Ge 0i5 
film so as to melt/solidify (crystallize) the a-Si 0 75 Ge 025 

35 film. In this way, a semiconductor layer 2 made of poly- 
crystalline silicon -germanium (hereinafter, referred to as 
"poly-Sto^Geo^") is obtained. While the a- 
Si 0 75 Ge 0 £5 film is crystallized after being patterned in 
Example 1 , the a-Si 0 75 Ge 0 . 2 5 film may be crystallized 

40 before being patterned. 

[0024] Next, the glass substrate 1 is inserted into a 
furnace at 600°C. Pure water held at 95°C is subjected 
to bubbling with nitrogen or gaseous oxygen. By using 
steam obtained by the bubbling, the surface of the sem- 

45 iconductor layer 2 is thermally oxidized for two hours in 
the furnace. By the thermal oxidation, as shown in Fig- 
ure 1 B, a thermal oxide film having a thickness of about 
100 nm is formed. The thus obtained thermal oxide film, 
which is made of Siq 75 Ge 0 25 0 2 , is used as a gate in- 

50 sulating film 3. The thickness of the thermal oxide film 
changes depending on the conditions such as the con- 
centration of germanium in silicon-germanium, the sub- 
strate temperature, the temperature of pure water serv- 
ing as a steam source, the flow rate of bubbling gas and 

55 oxidation time period. In the case where the thermal ox- 
ide film is used as the gate insulating film of the thin film 
transistor, a preferred thickness of th e thermal oxide film 
is in the range of 50 nm to 200 nm. As a method for 



3 



5 



EP 0 684 650 B1 



6 



thermally oxidizing the surface of the semiconductor lay- 
er 2, pyrogenic oxidation or dry oxidation may be used 
instead of steam oxidation. However, an oxidation meth- 
od using the steam obtained by bubbling is suitable for 
obtaining a thermal oxide film having good quality at a 
relatively low temperature, for example, at about 600°C 
or lower. 

[0025] When silicon-germanium is thermally oxidized 
at about 700°C or higher, silicon is selectively oxidized 
rather than germanium. As a result, germanium is pre- 
cipitated at the interface of semiconductor/insulating 
film or part containing a large amount of silicon and part 
containing a large amount of germanium are formed in 
a layered manner in the oxide film. Therefore, it is nec- 
essary to determine an oxidation temperature with care. 
The oxidation temperature is preferably 700°C or lower, 
more preferably, 600°C or lower. 
[0026] Next, after a chromium (Cr) film having a thick- 
ness of about 200 nm is deposited onto the gate insu- 
lating film 3 by, for example, sputtering, the Cr film is 
patterned by photolithography and etching, thereby 
forming a gate electrode 4 as shown in Figure 1 C. Next, 
by using the gate electrode 4 as an implantation mask, 
impurity ions 5 acting as donors or acceptors are im- 
planted into the semiconductor layer 2. The impurity im- 
plantation is conducted by ion doping in which mass 
separation is not performed (alternatively, by bucket 
type ion doping method described in, for example, Ex- 
tended Abstracts of the 22nd (1990) International Con- 
ference on Solid State Devices and Materials, p. 971 or 
p. 1 1 97). Plasma doping may be used instead of ion dop- 
ing. Thereafter, a heat treatment (annealing) is conduct- 
ed at a temperature in the range of about 300°C to 
600°C so as to activate the impurities implanted into the 
semiconductor layer 2, thereby forming a source region 
6 and a drain region 6 as shown in Figure 1 C. 
[0027] Next, after forming an interievel insulating film 
8 which consists of an Si0 2 film by an Atmospheric- 
Pressure CVD method, contact holes are formed in the 
interievel insulating film 8. Thereafter, a conductive film 
such as an aluminum (Al) film is formed on the interievel 
insulating film 8 by sputtering. The conductive film is pat- 
terned by photolithography and etching so as to form a 
source electrode 9 and a drain electrode 10, thereby 
forming a thin film transistor as shown in Figure 1 D. 
[0028] In the thin film transistor of the present inven- 
tion, the semiconductor layer 2 is made of silicon-ger- 
manium alloy, and the gate insulating film 3 is made of 
the thermal oxide film obtained by thermally oxidizing 
the surface of the semiconductor layer 2. With this proc- 
ess, a cleaned interface of semiconductor/insulating film 
is formed. Therefore, a thin film transistor having excel- 
lent performance and high reliability can be fabricated. 
Furthermore, since the thin film transistor can be fabri- 
cated at a relatively low temperature, i.e., 600°C or low- 
er, not only a low-cost glass substrate can be used, but 
also the production yield can be enhanced. 
[0029] If dangling bonds, which are present at the 



grain boundaries of a polycrystallinefilm, are terminated 
by hydrogen, transistor characteristics are further im- 
proved. Therefore, it is desirable to perform a hydrogen- 
ation process. The hydrogenation process is carried out 
5 by exposing the substrate to hydrogen plasma or hydro- 
gen atoms at a substrate temperature of about 300° C, 
at any stage from the formation step of the source region 
6 and the drain region 7 to the completion of the thin film 
transistor. 

10 [0030] Moreover, although the silicon-germanium film 
having a germanium concentration of 25% is used as 
the semiconductor layer 2 in Example 1 , the semicon- 
ductor layer of the present invention is not limited to the 
concentration. Generally, in the case where the oxida- 
15 tion temperature is about 600°C, the oxidation rate is 
increased as the germanium concentration increases. 
As a result, the oxidation time period is shortened. 
Therefore, it is preferable that the semiconductor layer 
2 is made of Si^Ge^ (0 < x < 0.8). Furthermore, since 
20 a field-effect mobility is increased as the germanium 
concentration increases, it is desirable that the germa- 
nium concentration is high. According to the present in- 
vention, a thin film transistor having the electron mobility 
of 50 cm 2 /V-sec or more and the hole mobility of 30 cm 2 / 
25 V-sec or more can be obtained. 

[0031] In Example 1 , a polycrystalline silicon -germa- 
nium layer, which is subjected to a crystallization proc- 
ess using a laser light, is used as the semiconductor lay- 
er 2. A single-crystalline silicon-germanium layer, which 
30 is epitaxially grown on a single-crystalline semiconduc- 
tor substrate, or a single-crystalline silicon-germanium 
layerhaving an SOI (Semiconductor On Insulator) struc- 
ture may also be used. 

[0032] Although Cr is used as a material of the gate 
35 electrode 4 and Al is used as a material of the source 
electrode 9 and the drain electrode 10 in Example 1, 
metals such as aluminum (Al), tantalum (Ta), molybde- 
num (Mo), chromium (Cr) and titanium (Ti), and alloys 
thereof may be used as electrode materials. Afternative- 
40 |y t heavily doped polycrystalline silicon, a polycrystalline 
silicon-germanium alloy, or transparent conductive lay- 
ers such as ITO may also be used. 
[0033] Furthermore, it is possible to adopt an LDD 
(lightly doped drain) structure in order to improve OFF 
45 characteristics of a transistor. It is also possible to se- 
lectively form a P-channel type transistor and an N- 
channel type transistor by selectively using, as impuri- 
ties, boron, arsenic and the like acting as acceptors and 
phosphorous, aluminum and the like acting as donors. 
50 As a result, a CMOS circuit is integrated on the sub- 
strate. 

Example 2 

55 [0034] With reference to Figure 2A, a second exam- 
ple of a thin film semiconductor device according to the 
present invention will be described. 
[0035] In this example, a glass substrate (for exam- 
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pie, glass #1733, fabricated by Corning Inc.) 1 , on which 
an Si0 2 film acting as a buffer layer (not shown) is de- 
posited in order to prevent the diffusion of impurities 
from the glass substrate, is used. 
[0036] First, an amorphous silicon-germanium film 
containing germanium at a concentration of 50% (here- 
inafter, referred to as an n a-Si 0 . 5 oGe 0 50 n f' ,m ) is formed 
on the glass substrate 1 to a thickness of 100 nm. The 
a_s 'o.5o Ge 050 f' ,m is formed by CVD method using, for 
example, disilane (Si 2 H 6 ) and germane (GeH 4 ) as ma- 
terial gases. Typically, the flow rate of disilane is in the 
range of 20 to 50 seem, and the flow rate of germane is 
20 to 50 seem. It goes without saying that the flow rate 
of the gas changes depending on the size of the cham- 
ber and the like. It is preferable that the temperature of 
the glass substrate 1 during growth of the film is set to 
be in the range of 450°C to 600°C. 
[0037] Next, the a-Si 0 50 Ge 050 film is patterned to 
form an island region having the size in accordance with 
the size of a transistor to be formed. In Figure 2A, only 
one island region is shown. In actual, however, a plural- 
ity of island regions may be simultaneously formed. The 
a-Si 0 .5o Ge o50 f ilm can De carried out using the same 
photolithography and etching as those of Example 1 . 
[0038] Next, a heat treatment is conducted at, for ex- 
ample, 550°C, thereby obtaining a semiconductor layer 
2a made of polycrystalline silicon-germanium (hereinaf- 
ter, referred to as "poly-Si 0 >50 Ge 0 50 "). This heat treat- 
ment can be conducted by using a conventional electric 
furnace in a vacuum atmosphere or an inert gas atmos- 
phere. 

[0039] Next, the glass substrate 1 is inserted into a 
furnace at 550°C. Pure water held at 95° C is subjected 
to bubbling with nitrogen or gaseous oxygen. By using 
steam obtained by the bubbling, the surface of the sem- 
iconductor layer 2a is. thermally oxidized for two hours 
in the furnace. By the thermal oxidation, a thermal oxide 
film having a thickness of about 100 nm is formed. The 
thus obtained thermal oxide film, which is made of 

Si o.50 Ge o.50°2« is use ^ as a 9 ate insulating film 3. 
[0040] Subsequently, a gate electrode 4, a source re- 
gion 6a, a drain region 7a, an insulating film 8, a source 
electrode 9 and a drain electrode 10 are formed in the 
same manner as that of Example 1 , thereby obtaining 
a thin film transistor shown in Figure 2A. 
[0041] Although the polycrystalline silicon-germani- 
um layer, which is crystallized by heat treatment, is used 
as the semiconductor layer 2a, a single-crystalline sili- 
con-germanium layer may also be used. Moreover, the 
polycrystalline silicon-germanium layer, which is crys- 
tallized by laser irradiation, may also be used. 
[0042] The gate insulating film 3 is formed by thermal- 
ly oxidizing the semiconductor layer 2 containing ger- 
manium at a concentration of 25% at 600°C for two 
hours in Example 1 , and is formed by thermally oxidizing 
the semiconductor layer 2a containing germanium at a 
concentration of 50% at 550°C for two hours in Example 
2. The oxidation temperature of Example 2 is lower than 



that of Example 1 . When the oxidation temperature is 
low, the oxidation rate also decreases. However, the de- 
crease in the oxidation rate is compensated by enhanc- 
ing the germanium concentration, thereby holding the 
5 same oxidation time period. 

Example 3 

[0043] With reference to Figure 2B, a third example 
10 of a thin film semiconductor device according to the 
present invention will be described. 
[0044] In this example, a glass substrate (for exam- 
ple, glass #1 733, fabricated by Coming Inc.) 1 , on which 
an SiO z film acting as a buffer layer (not shown) is de- 
'5 posited in order to prevent the diffusion of an impurity 
from the glass substrate, is used. 
[0045] The thin film transistor of Example 3 differs 
from those described in the preceding examples in that 
the thin film transistor of Example 3 has a gate insulating 
20 film having a double-layered structure. More specifical- 
ly, a second gate insulating film 11 which consists of a 
silicon nitride (SiN x ) layer is formed on a first gate insu- 
lating film 3a (Si 0 5oGOo50°2) serving as athermal oxide 
film. 

25 [0046] First, an amorphous silicon-germanium film 
containing germanium at a concentration of 50% (here- 
inafter, referred to as an U a-Si 0 >5 oGe 0 50" film) is formed 
on the glass substrate 1 to a thickness of 100 nm. The 
a '^'o.50^ e o.50 f' lm is formed by a CVD method using, 

30 for example, disilane (Si 2 H 6 ) and germane (GeH^ as 
material gases. Typically, the flow rate of disilane is in 
the range of 20 to 50 seem, and the flow rate of germane 
is 20 to 50 seem. It goes without saying that the flow rate 
of the gas changes depending on the size of the cham- 

35 ber and the like. It is preferable that the temperature of 
the glass substrate 1 during growth of the film is set to 
be in the range of 450°C to 600 a C. 
[0047] Next, the a-Si 050 Ge 050 film is patterned to 
form an island region having the size in accordance with 

40 the size of a transistor element to be formed. In Figure 
2B, only one island region is shown. In actual, however, 
a plurality of island regions may be simultaneously 
formed. The a-Si 0 .5oGe 0 .50 * nin f' Jm can De carried out 
using the same photolithography and etching as those 

4$ of the preceding examples. 

[0048] Next, a heat treatment is conducted at, for ex- 
ample, 550°C, thereby obtaining a semiconductor layer 
2 made of polycrystalline silicon-germanium (hereinaf- 
ter, referred to as "poly-Si 0 5oGe 0 50 "). 

50 [0049] Then, the glass substrate 1 is inserted into a 
furnace at 550°C. Pure water held at 95°C is subjected 
to bubbling with nitrogen or gaseous oxygen. By using 
steam obtained by the bubbling, the surface of the sem- 
iconductor layer 2 is thermally oxidized for two hours in 

55 the furnace. By the thermal oxidation, a thermal oxide 
film having a thickness of about 1 00 nm is formed. The 
thus obtained thermal oxide film, which is made of 
s k).50 Ge o.50°2> is u se d a s a first gate insulating film 3a. 
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The thickness of the thermal oxide film changes de- 
pending on the conditions such as the concentration of 
germanium in silicon-germanium, the substrate temper- 
ature, the temperature of pure water serving as a steam 
source, the flow rate of bubbling gas, and oxidation time 
period. Next, a silicon nitride (SiN x ) layer is formed to a 
thickness of 100 nm by a CVD method, thereby obtain- 
ing the second insulating film 1 1 . After the step of form- 
ing the gate electrode 4, the same steps as those of Ex- 
amples 1 and 2 are carried out, thereby forming the thin 
film transistor shown in Figure 2B. 
[0050] The following advantageous effects can be ob- 
tained owing to the double-layered structure of the gate 
insulating.film. 

[0051 ] The insulation properties of the gate insulating 
films are improved, and therefore, the production yield 
is further improved. Moreover, owing to the second gate 
insulating film 11 , the thermal oxide film (first gate insu-. 
lating film) can be thinned. Thus, a time period required 
for thermal oxidation can be reduced. Although the ox- 
idation is performed at 550°C for two hours in Example 
3, the thermal oxidation time may be shortened to about 
an hour. If the oxidation time is shortened, the process- 
ing throughput is improved. 

[0052] Although a silicon nitride film is used as the 
second gate insulating film 1 1 in Example 3, other insu- 
lating films such as an Si0 2 film, a TaO x film may also 
be used. 

[0053] Although solid-phase growth by heattreatment 
is used as a method for obtaining a polycrystalline sili- 
con-germanium layer as the semiconductor layer 2a, 
the semiconductor layer 2a can also be obtained by 
crystallization with laser irradiation. Moreover, a single- 
crystalline silicon-germanium layer may also be used 
as the semiconductor layer 2a. 
[0054] Regarding the ratio of silicon and germanium 
which serve as the semiconductor layer 2 or 2a, the ger- 
manium concentration is preferably 20% or higher in 
terms of mobility. The reason for this is that carriers 
(electrons or holes) are scattered at the germanium con- 
centration of 20% or lower, resulting in the lowered mo- 
bility. On the other hand, in terms of oxidation, it is de- 
sirable that the germanium concentration is high. 
[0055] In the case where the semiconductor layer 2 
or 2a is formed by laser irradiation, although the crys- 
tallization can be advantageously performed at room 
temperature, the crystal grain size cannot be formed so 
large. On the other hand, in the case where the semi- 
conductor layer 2 or 2a is formed by heat treatment, al- 
though a relatively high temperature (about 550°C) is 
required, the crystal grain has a large size, i.e., about 
one to several tens urn As the crystal grain size be- 
comes large, the mobility is further improved. 
[0056] Although the glass substrate is used in the 
above examples, any substrate can be used as long as 
it has an insulating surface. For example, a normal sin- 
gle-crystalline silicon substrate, whose upper surface is 
covered with an insulating film, may also be used. In 



such a case, a device, in which a transistor formed on 
the single-crystalline silicon substrate and the thin film 
semiconductor device according to the present inven- 
tion are integrated on the same substrate, is provided. 

5 [0057] In the above examples, the case where the 
S^Ge^ layer is used as an active layer of the thin film 
transistor and the Si x Ge Vx 0 2 thermal oxide film is used 
as a gate insulating film is described. However, ft is also 
possible to use the S^Ge^ layer as a conductive part 

io of the gate electrode or the wiring in the semiconductor 
device, and the S^Ge^Og thermal oxide film as an in- 
sulating covering part of the conductive part. In such a 
case, appropriate impurities are doped into the semi- 
conductor layer. 

15 

Example 4 

[0058] With reference to Figures 3A to 3D, a fourth 
example of a thin film semiconductor device according 
20 to the present invention will be described. 

[0059] A field oxide film 33 with an n+-channel stopper 

34 is formed on an n--type silicon substrate 32 by a LO- 
COS (Local Oxidation Of Silicon) method so as to sur- 
round an active region on which an MOS transistor is to 

25 be formed. Next, a gate oxide film 35 is formed by ther- 
mal oxidation to a thickness of 1 0 to 30 nm. A polycrys- 
talline silicon-germanium film is deposited to a thickness 
of 300 nm by using, for example, silane (SiH 4 ) and ger- 
mane (GeH 4 ) as material gases. Typically, the flow rate 

30 of disilane is in the range of 20 to 50 seem, and the flow 
rate of germane is 20 to 50 seem. It goes without saying 
that the flow rate of the gas changes depending on the 
size of the chamber and the like. It is preferable that the 
temperature of the silicon substrate 32 during growth of 

35 the film is set to be in the range of 600°C to 650°C. 
[0060] Next, exposed portions of the gate oxide film 

35 are selectively removed by etching using a gate elec- 
trode as a mask. After depositing an Si0 2 film on the 
substrate 32 by a CVD method, sidewall spacers 37 are 

40 formed by etching back the Si0 2 film (Figure 3A). Next, 
for example, boron (B) ions 38 are implanted into the 
substrate 32 to form a p + -region (source/drain region) 
39 by using the gate electrode and the spacer as masks 
(Figure 3B). The dose of ions is reduced below the spac- 
es ers 37 to form p--regions 40. As a result, an LDD (Lightly 
Doped Drain) structure is formed for alleviating electric 
field at the end of the drain region. 
[0061] Then, the silicon substrate 32 is inserted into 
a furnace at600°C. Pure water held at95°C is subjected 
so to bubbling with nitrogen or gaseous oxygen. By using 
steam obtained by the bubbling, the surface of the poly- 
crystalline silicon-germanium film layer is thermally ox- 
idized for two hours in the furnace. By the thermal oxi- 
dation, a silicon-germanium oxide film 41 is formed (Fig- 
55 ure 3C). Silicon is hardly oxidized at the oxidation tem- 
perature. Only the polycrystalline silicon-germanium 
serving as the gate electrode is selectively oxidized. As 
a result, the gate electrode is electrically isolated without 
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forming the interlevel insulating layer. Moreover, since 
the oxidation is conducted at 600°C, lateral diffusion of 
implanted boron ions is restrained to reduce parasitic 
capacitance and the like. As a result, device character- 
istics are improved. After forming a through hole 42, 
metallization is conducted with aluminum so as to form 
a source electrode 43, a drain electrode 44 and a gate 
electrode 45, thereby completing a p-type MOS transis- 
tor (Figure 3D). 

[0062] Although the through hole 42 is formed and the 
metallization for forming source/drain regions is con- 
ducted immediately after the polycrystalline silicon-ger- 
manium film is oxidized, the following process is also 
applicable. After the polycrystalline silicon-germanium 
film is oxidized, an insulating layer made of Si0 2 and 
Si 3 N 4 is deposited by a CVD method. Thereafter, a 
through hole is formed. In this way, the production yield 
is further improved. 

[0063] The method for forming the p-channel MOS 
transistor alone is described in Example 4. However, an 
n-channel MOS transistor or a CMOS structure can be 
produced by the same method. Furthermore, the meth- 
od is also applicable to semiconductor devices other 
than the MOS transistor. 

[0064] According to the present invention, a layer con- 
taining silicon and germanium is used as a semiconduc- 
tor layer, and a thermal oxide film, which is obtained by 
thermally oxidizing the surface of the semiconductor lay- 
er, serves as a gate insulating film. As a result, a cleaned 
interface of semiconductor/insulating film can be formed 
by a process at a relatively low temperature (600°C or 
lower). Therefore, a thin film semiconductor device can 
be fabricated with good production yield by using a rel- 
atively inexpensive glass substrate having a low strain 
point. Moreover, since the interface of semiconductor/ 
insulating film can be held in a clean condition, it is pos- 
sible to realize a thin film semiconductor device excel- 
lent in performance and reliability. 
[0065] In the case where the layer containing silicon 
and germanium is used as a gate electrode or a wiring, 
since the surface of the electrode or the wiring is cov- 
ered with a thermal oxide film of high quality, the elec- 
trode or the wiring, which is hardly short-circuited, can 
be obtained. 

[0066] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope of this invention. Accord- 
ingly, it is not intended that the invention be limited to 
the description as set forth herein, but rather should be 
limited only by the scope of the appended claims. 



Claims 

1 . A thin film semiconductor device comprising: 

a substrate (1) having an insulating surface; 
a semiconductor layer (2, 2a) comprising 



S^Ge^jj formed on the substrate; 
a gate insulating film (3, 3a) formed on the sem- 
iconductor layer; and 

a gate electrode (4) formed on the gate insulat- 

5 ing film, characterised in that 

the gate insulating film (3, 3a) includes a ther- 
mal oxide film comprising Si^Ge^^, with 0 < 
x < 0.8, formed by thermally oxidising a surface 
of the semiconductor layer (2, 2a); and the sem- 

10 iconductor layer comprising Si x Ge Vx , with 0 < 

x < 0.8. 

2. A thin film semiconductor device according to claim 

1 , wherein the gate insulating film (3a) includes an- 
15 other insulating film (11) deposited on the thermal 

oxide film. 

3. A thin film semiconductor device according to claim 

2, the another insulating film (11) is made of silicon 
20 nitride, tantalum oxide or silicon dioxide. 

4. A method of fabricating a semiconductor device, 
comprising the steps of: 

25 forming a semiconductor layer (2, 2a) compris- 

ing SixGe^x, with 0 < x < 0.8, on a substrate (1) 
having an insulating surface; 
forming a thermal oxide fitm on a surface of the 
semiconductor layer, the thermal oxide film 
30 comprising SixGe^Og, with 0 < x < 0.8; 

forming a gate electrode (4) on the thermal ox- 
ide film; and 

forming a source region (6, 6a) and a drain re- 
gion (7, 7a) in the semiconductor layer (2, 2a) 
35 by doping impurities acting as donors or accep- 

tors in selected regions of the semiconductor 
layer. 

5. A method of fabricating a semiconductor device ac- 
40 cording to claim 4, wherein the semiconductor layer 

(2, 2a) is annealed with an energy beam after for- 
mation of the semiconductor layer and prior to for- 
mation of the thermal oxide film, thereby melting/ 
solidifying the semiconductor layer. 

45 

6. A method of fabricating a semiconductor device ac- 
cording to claim 4, wherein the semiconductor layer 
(2, 2a) is formed in an amorphous state, and the 
semiconductor layer is annealed after formation of 

so the semiconductor layer and prior to formation of 
the thermal oxide film, thereby rendering the semi- 
conductor layer polycrystalline or single-crystalline. 

7. A method of fabricating a semiconductor device ac- 
55 cording to claim 4, wherein the thermal oxide film is 

grown at 700° C or lower. 

8. A method of fabricating a semicond uctor device ac- 
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cording to claim 5, wherein the thermal oxide film is 
grown at 700° C or lower. 

9. A method of fabricating a semiconductor device ac- 
cording to claim 6, wherein the thermal oxide film is 
grown at 700° C or lower. 



Patentansprtlche 

1 . Dunnfilm-Halbleiteranordnung mit 

einem Substrat (1 ) mit einer isolierenden Ober- 
flache; 

einer Halbleiter-Schicht (2, 2a) mit S^Ge^, die 

auf dem Substrat ausgebildet ist; 

einem Tor- bzw. Gate- isolierenden Film (3, 3a), 

der auf der Halbleiter-Schicht ausgebildet ist; 

und 

einer Gate- bzw. Steuer-Elektrode (4), die auf 
dem Gate- isolierenden Film ausgebildet ist, 
dadurch gekennzeichnet, dass 
der Gate- isolierende Film (3, 3a) einen thermi- 
schen Oxid-Film mit Si x Ge.,_ x 0 2 mit 0< x < 0,8 
enthalt, der durch thermisches Oxidieren einer 
Oberflache der Halbleiter-Schicht (2, 2a) aus- 
gebildet ist; und 

dass die Halbleiter-Schicht Si x Ge«,. x mit o <x < 
0,8 aufweist. 

2. Dunnfilm-Halbleiteranordnung nach Anspruch 1, 
wobei der Gate- isolierende Film (3a) einen weite- 
ren isolierenden Film (1 1 ) enthalt, der auf dem ther- 
mischen Oxid-Film abgelagert ist. 

3. Dunnfilm-Halbleiteranordnung nach Anspruch 2, 
wobei der weitere isolierende Film (11) aus Silizi- 
umnitrid, Tantaloxid Oder Siliziumdioxid hergestellt 

ist. 

4. Verfahren zur Herstellung einer Halbleiteranord- 
nung mit den Schritten: 

Ausbilden einer Halbleiter-Schicht (2, 2a) mit 
Si x Gei_ x mit 0 < x < 0,8 auf einem Substrat (1) 
mit einer isolierenden Oberflache; 
Ausbilden eines thermischen Oxid-Film auf ei- 
ner Oberflache der Halbleiter-Schicht, wobei 
der thermische Oxid-Film S^Ge^^ mit 0 < x 
< 0,8 aufweist; 

Ausbilden einer Tor- bzw. Gate-Elektrode (4) 
auf dem thermischen Oxid-Film; und 
Ausbilden eines Quellen- bzw. Source-Be- 
reichs (6, 6a) und eines Drain-Bereichs (7, 7a) 
in der Halbleiter-Schicht (2, 2a) durch Dotieren 
von Verunreinigungen, die in ausgewahlten Be- 
reichen der Halbleiter-Schicht als Donatoren 
Oder Akzeptoren wirken. 



5. Verfahren zur Herstellung einer Halbleiteranord- 
nung nach Anspruch 4, wobei die Halbleiter-Schicht 
(2, 2a) nach der Ausbildung der Halbleiter-Schicht 
und vor der Ausbildung des thermischen Oxid- 

5 Films mit einem Energie-Strahl warmebehandelt 
bzw. gegluht wird, wodurch die Halbleiter-Schicht 
geschmolzen/erstarrt wird. 

6. Verfahren zur Herstellung einer Halbleiteranord- 
io nung nach Anspruch 4, wobei die Halbleiter-Schicht 

(2, 2a) in einem amorphen Zustand ausgebildet 
wird, und wobei die Halbleiter-Schicht nach der 
Ausbildung der Halbleiter-Schicht und vor der Aus- 
bildung des thermischen Oxid-Films gegluht bzw. 
15 warmebehandelt wird, wodurch die Halbleiter- 
Schicht polykristallin oder einkristallin wird. 

7. Verfahren zur Herstellung einer Halbleiteranord- 
nung nach Anspruch 4, wobei der thermische Oxid- 

20 Film bei 700°C oder weniger aufgezogen wird. 

8. Verfahren zur Herstellung einer Halbleiteranord- 
nung nach Anspruch 5, wobei der thermische Oxid- 
Film bei 700°C oder weniger aufgezogen wird. 

9. Verfahren zur Herstellung einer Halbleiteranord- 
nung nach Anspruch 6, wobei der thermische Oxid- 
Film bei 700°C oder weniger aufgezogen wird. 

30 

Revendications 

1. Dispositif a semiconducteur a couche mince 
comprenant : 

35 

un substrat (1) comportant une surface isolan- 
te, 

une couche de semiconducteur (2, 2a) compre- 
nant du Si x Ge 1 . x formee sur le substrat, 

40 un film isolant de grille (3, 3a) forme sur la cou- 

che de semiconducteur, et 
une electrode de grille (4) formee sur le film iso- 
lant de grille, caracterise en ce que 
le film isolant de grille (3, 3a) comprend un film 

45 d'oxyde thermique comprenant Si^ae^O^, 

avec 0 < x < 0,8, forme en oxydant thermique- 
ment une surface de la couche de semiconduc- 
teur (2, 2a), et la couche de semiconducteur 
comprenant S^Ge^, avec 0 < x < 0,8. 

50 

2. Dispositif a semiconducteur a couche mince selon 
la revendication 1 , dans lequel le film isolant de 
grille (3a) comprend un autre film isolant (11) depo- 
se sur le film d'oxyde thermique. 

55 

3. Dispositif a semiconducteur a couche mince selon 
la revendication 2, Pautre film isolant (11 ) 6tant fait 
de nitrure de silicium, d'oxyde de tantale ou de 
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dioxyde de silicium. 

4. Procede de fabrication d'un dispositrf a semicon- 
ducteur, comprenant les etapes consistant a : 

5 

former une couche de semiconducteur (2, 2a) 
comprenant Si x Ge n _ x , avec 0 < x < 0,8, sur un 
substrat (1 ) comportant une surface isolante, 
former un film d'oxyde thermique sur une sur- 
face de la couche de semiconducteur, le film 10 
d'oxyde thermique comprenant S^Ge^Og, 
avec 0 < x < 0,8, 

former une electrode de grille. (4) sur le film 
d'oxyde thermique, et 

former une region de source (6, 6a) et une re- *5 
gion de drain (7, 7a) dans la couche de semi- 
conducteur (2, 2a) en dopant par des impuretes 
agissant comme donneurs ou accepteurs dans 
des regions selectionnees de la couche de 
semiconducteur. 20 

5. Procede de fabrication d'un dispositif a semicon- 
ducteur selon la revendication4, dans lequel la cou- 
che de semiconducteur (2, 2a) est recuite avec un 
faisceau energetique apres formation de la couche 25 
de semiconducteur et avant la formation du film 
d'oxyde thermique, en fondant/solidifiant ainsi la 
couche de semiconducteur. 

6. Procede de fabrication d'un dispositif a semicon- 30 
ducteurselon la revendication 4, dans lequel la cou- 
che de semiconducteur (2, 2a) est formee dans un 
etat amorphe, et la couche de semiconducteur est 
recuite apres formation de ia couche de semicon- 
ducteur et avant la formation du film d'oxyde ther- 35 
mique, en rendant ainsi la couche de semiconduc- 
teur poiycristalline ou monocristalline. 

7. Procede de fabrication d'un dispositif a semicon- 
ducteur selon la revendication 4, dans lequel le film *o 
d'oxyde thermique est mis en croissance a 700 Q C 

ou moins. 

8. Procede de fabrication d'un dispositif a semicon- 
ducteur selon la revendication 5, dans lequel le film 
d'oxyde thermique est mis en croissance a 700 °C 
ou moins. 

9. Procede de fabrication d'un dispositif a semicon- 
ducteur selon la revendication 6, dans lequel le film so 
d'oxyde thermique est mis en croissance a 700 °C 

ou moins. 
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FIG. 1B 
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FIG. 1D 
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FIG. 3 A 
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FIG. 4 A 
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FIG.4B 
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FIG. 4C 




FIG.4D 




13 



